A status report on FASTSUM's programme of computing spectral quantities in thermal QCD, using anisotropic lattice simulations with N f = 2 + 1 flavours of Wilson fermions, is given. We provide in particular some details of the next generation of ensembles, which is currently being finalised, and give preliminary results for susceptibilities and baryonic correlators on those ensembles.
Introduction
The goal of the FASTSUM collaboration [1] is to study spectral properties in thermal QCD using Wilson-type fermions on anisotropic lattices, with a τ /a s 1. We employ a fixed-scale approach, in which the temperature is varied by changing N τ , using the standard relation T = 1/(a τ N τ ). This is complementary to the approach usually taken for studies of QCD thermodynamics [2, 3] , which utilise staggered-type fermions on isotropic lattices and vary the temperature by changing the lattice spacing. The benefit of the anisotropic, fixed-scale approach is that it is easy to compare ensembles at different temperatures, without the need to change the bare parameters. A disadvantage is that it is not easy to reach the continuum limit, since an expensive tuning of the bare parameters at T = 0 (gauge and fermion anisotropies, quark masses) is required for each value of the lattice spacing. However, once this has been achieved, the extension to T > 0 is straightforward. In previous work FASTSUM has considered bottomonium [4] [5] [6] [7] , transport (conductivity, charge diffusion) [8, 9] , positive-and negative-parity light baryons [10, 11] and hyperons [12] , and hidden and open charm [13] . Here we give an update of the next generation of ensembles and present preliminary results for susceptibilities and baryons on those.
Finite-temperature ensembles
We follow the HadSpec collaboration [14] [15] [16] [17] and use a Symanzik-improved anisotropic gauge action with tree-level mean-field coefficients and a mean-field-improved Wilson clover fermion action with stout-smeared links. The so-called Generation 2 ensembles were generated with a pion mass of m π = 384(4) MeV, and a physical strange quark [14, 15] . Further details on our ensembles can be found in Refs. [7, 9] . The main motivation for the next ensemble is to reduce the pion mass, keeping the other quantities unchanged (as much as possible). Following HadSpec [16, 17] , we now use light quark masses which correspond to a pion of m π = 236(2) MeV, with the strange quark mass unchanged. We refer to this as Generation 2L (L for light). A comparison of the lattice details is given in Table 1 . The important difference is the lighter pion and hence the larger extent in the spatial direction (N s = 24 → 32), to ensure a large enough physical volume. The renormalised anisotropies are nearly equal. The Generation 2 ensembles were generated with Chroma [18] . However, the lighter quarks proved a major stumbling block for Chroma. In order to generate finite-temperature ensembles, we have therefore adapted openQCD [19] , which at the time had more advanced inversion algorithms, to include anisotropic lattices and stout-smeared gauge links. On top of this it makes use of additional AVX-512 optimisations, further improving runtime on recent Intel Skylake and Knights Landing CPUs [20] . This adaptation of openQCD is publicly available [1, 21] . In addition to this we made changes to openQCD so that it can be utilised as a framework for new lattice codes. We Table 2 : Generation 2 ensembles, with lattice size 24 3 × N τ [7, 9] . The ensemble at the lowest temperature has been provided by HadSpec [14, 15] . 500 1000 1000 1000 1000 1000 1000 Table 3 : Generation 2L ensembles, with lattice size 32 3 × N τ . The ensemble at the lowest temperature has been provided by HadSpec [16, 17] .
have used this to develop a stand-alone measurement code which constructs hadronic two-point functions [22] . This software allows for the construction of correlation functions with and without Gaussian smearing at the sources and sinks, using the baryonic correlators defined in Ref. [23] . The measurement code is available at the same location as our openQCD fork [1, 22] . The finite-temperature ensembles are listed in Table 2 and 3. For Gen 2, the pseudo-critical temperature was determined via the renormalised Polyakov loop, and estimated to be T c = 185(4) MeV. Hence there are four ensembles above and four below T c . In the case of Gen 2L, the Polyakov loop no longer gives a clear location of the transition. Given that the light quarks are lighter, this is not unexpected. Below we will give first results for the transition as inferred from susceptibilities and the emergence of parity-doubling. In any case, for Gen 2L we have generated ensembles at 14 different temperatures, which will allow us to study the transition from the hadronic phase to the quark-gluon plasma in great detail.
Thermal transition: susceptibilities and parity-doubling
To study the thermodynamic properties, we first discuss susceptibilities, i.e. fluctuations of light and strange quark number, and of baryon number, charge and isospin. We follow the approach described in Ref. [9] . The computation is dominated by the stochastic estimates of disconnected contributions. Only for the isospin susceptibility, there is no such contribution and here the signal is cleanest. Preliminary results for the isospin and charge susceptibilities are given in Fig. 1 , where they are normalised with the corresponding quantities on the lattice for massless quarks in the Stefan-Boltzmann limit. The shaded regions are cubic spline fits. The susceptibilities are qualitatively similar to those in Gen 2 [9] , but some more effort is required to reduce the uncertainty. Note that not all temperatures are included at this stage. The main difference between Gen 2 and 2L is the shift of the transition region to lower temperatures, as illustrated in Fig. 1, with Hence the reduction of the light quark masses brings this measure of the transition temperature closer to the pseudo-critical temperature observed with staggered fermions in the continuum limit [24] . A study of the transition using twisted-mass Wilson fermions can be found in Ref. [25] . Isospin fluctuations are sensitive to the light quark masses, as observed in Fig. 1 (top) . It is expected that the light quark mass dependence will eventually disappear, at higher temperatures. More work is currently underway to include lower temperatures and reduce the uncertainty. Another probe of the thermal transition is parity-doubling, which can be inferred directly from baryonic correlators, as discussed for the Gen 2 lattices in Refs. [10] [11] [12] . We construct the R ratio from the positive-and negative-parity correlators G ± (τ) via [10, 26] 
where G + (1/T − τ) = −G − (τ) and σ (τ n ) denotes the error at timeslice τ n . If chiral symmetry is unbroken, R = 0. If chiral symmetry is broken and the mass of the negative-parity partner is substantially larger than the positive-parity one, R 1 [10] [11] [12] . A comparison between Gen 2 and 2L is shown in Fig. 2 , in the nucleon and the ∆ channel. We observe a similar signal, but again with a shift of the transition to lower temperatures. The grey bands are obtained from cubic spline fits, which enables us to extract the temperature of the inflection point. In both channels we find
in line with the conclusions from the susceptibilities. Finally, we note that in the Gen 2L ensembles R → 0 at the higher temperatures more quickly than for Gen 2, which is again a manifestation of the quarks being lighter.
Charmed baryons
To probe further properties of the quark-gluon plasma, we have extended our previous studies of baryons to include charmed baryons (for previous studies at T = 0, see e.g. Refs. [27, 28] ). One expects thermal effects to be less pronounced for the heavy charm quark, compared to light and strange quarks. Moreover, chiral symmetry remains explicitly broken. In Fig. 3 we present first results for the positive-and negative-parity correlation functions of the Ω ccc baryon. Interestingly, from the correlator itself one may already deduce that the groundstate in the positive-parity channel survives well into the quark-gluon plasma, whereas the negative-parity groundstate is more affected by the increase of temperature. A more quantitative study is currently underway.
Summary
We presented an update on our on-going projects on the FASTSUM ensembles of Generation 2L, with a lighter pion than previously considered, and showed preliminary results for susceptibilities and baryon correlation functions. A full study is on its way and will appear in due course. 
